Design Research Society

DRS Digital Library
DRS Biennial Conference Series

DRS2012 - Research: Uncertainty Contradiction
Value

Jul 1st, 12:00 AM

Assessment and Design of Disposable Medical and Adaptive
Apparel
Ling Chang Fu
Yunlin University

I Lai Ching
Yunlin University

Sheng Guan Shing
Yunlin University

Follow this and additional works at: https://dl.designresearchsociety.org/drs-conference-papers

Citation
Fu, L., Ching, I., and Shing, S. (2012) Assessment and Design of Disposable Medical and Adaptive Apparel,
in Israsena, P., Tangsantikul, J. and Durling, D. (eds.), Research: Uncertainty Contradiction Value - DRS
International Conference 2012, 1-4 July, Bangkok, Thailand. https://dl.designresearchsociety.org/drsconference-papers/drs2012/researchpapers/17

This Research Paper is brought to you for free and open access by the Conference Proceedings at DRS Digital
Library. It has been accepted for inclusion in DRS Biennial Conference Series by an authorized administrator of DRS
Digital Library. For more information, please contact DL@designresearchsociety.org.

DRS 2012 Bangkok
Chulalongkorn University
Bangkok, Thailand, 1–4 July 2012

Assessment and Design of Disposable Medical
and Adaptive Apparel
FU Ling Chang, CHING I Lai and SHING Sheng Guan
Yunlin University

Abstract
This study discussed the design of functional clothing for patients who suffer from spinal
cord injury-induced lower-limb disabilities caused by car accidents or illness. Recycled
fibers were used as the basic material, and digital printing technology used to create
different color combinations. Ready-made clothes in Taiwan are not suitable for with
physical disable patients or those with urine drainage bags. The fabric is not antibacterial,
and the designs are dull. The study surveyed physicians and patients in order to gain an indepth understanding of patients’ actual needs. This study included four parts: 1)
questionnaire survey and interviews with four physical therapists, on-site observation on
the lifestyles of eight patients with lower-limb injuries, in order to summarize the design
elements of adaptive apparel and to design four types of pants; 2) antibacterial fabric made
of recycled fibers was used to reduce the possibility of bacterial infection; 3) digital
printing system was used to design individualized apparel; 4) different fillings and a
pressure measurement system used to measure the amount of pressure in pressure-free
pants to ensure their effectiveness and to improve comfort. This study reached three
conclusions. First, the assessment and design of disposable medical and adaptive apparel
were characterized by the following three features: 1) comfort and convenience are
important factors affecting patients’ intention to use such apparel; 2) the patients showed a
high level of acceptance for disposable recycled fabrics; 3) the provision of individualized
style and color combinations could significantly increase patients’ satisfaction. Second, the
design functions for patients of different ages could be used to establish complete
individualized design samples. Third, the use of recyclable materials and color
combinations should be subject to the characteristics of the materials and patients’
preferences, to ensure the function and design quality and to increase patients’ physical
comfort and psychological satisfaction.
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Introduction
With the progress and advancement of medical technology, people have aggressively
sought for various medical approaches to enable patients with lower-limb injuries to
rehabilitate. Moreover, improvements have been made to medical aids and functional
apparel in order to improve patients’ quality of life. For patients suffering from limb injuries,
those with physical disabilities or those using urine drainage bags, the ready-made
clothes available in the market only consider the styling or decorative needs of healthy
people. Moreover, because patients often need to bring medical aids with them, the sizes
of ready-made clothes are usually unsuitable and can make the patients feel
uncomfortable. It is thus important to provide patients with convenient and disposable
apparel that have a functional design and is made of antibacterial materials to reduce the
possibility of bacterial infection. It is also important to provide patients with apparel that
has individualized design and color combinations to meet their psychological needs, in
order to improve their overall level of comfort. Thus, this study attempted to design and
improve disposable medical and adaptive apparel according to the physical needs of
patients with lower-limb injuries. The design was aimed to enhance the patients’
psychological satisfaction, allow them to choose a variety of color combinations, and
enable patients who use urine drainage bags to hide them inside the pants. Based on the
above, the three purposes of this study are as follows:
(1)
To summarize the meaning of the applying universal design elements on
adaptive apparel based on the literature review and analysis, primarily on color difference
analysis.
(2)
To understand the needs of patients with lower-limb disabilities and their
acceptance of functional apparel made with recycled fabrics through in-depth interviews
and on-site observations.
(3)
To establish complete design samples of individualized medical and adaptive
apparel, and to provide these information as a reference for related industries to apply
recycled fabrics in medical designs and products.

Literature Review
To understand the needs of patients with lower-limb disabilities and the theoretical
foundation of the application of color combinations, this study reviewed and investigated
the theories concerning spinal cord injuries and perceptual consumption. The effects of
spinal cord injuries vary with the impact force and the position of the injury. Mild bone
fractures can be cured simply by immobilizing the bone with plaster or a brace. However,
severe bone fractures may result in paralysis of the lower limbs or permanent disability,
requiring a wheel chair and a urine drainage bag. In addition to becoming a burden to
families and increasing social costs, such a disability is an endless source of trouble for
patients, and they may suffer from various complications such as respiratory tract
infections, gastrointestinal tract infections, urinary tract infections, and skeletal and
muscular system problems. The most common complications are bacterial infections of
the urinary tract (Note 2). Vesicoureteral reflux is caused by low bladder adaptability and
high bladder pressure. If such a situation is not adequately handled, urine reflux may
occur after any instance of urination. The urine drainage bag should be placed lower than
the bladder to prevent urine reflux; however, it should not be placed on the ground.
Therefore, a hidden pocket for the urine drainage bag should be designed at a position
near the calf (Lai, 2004). The daily urine output of an individual is at least 1,500 cc. To
prevent infections and urinary tract obstructions, the urine drainage bag should be
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emptied every eight hours, or when more than 700 cc of urine has been collected, as it is
not acceptable to store an excessive volume of urine. The urine drainage bag outlet
should be protected against contamination when emptying the bag. As a result, there is a
need to notice whether the size of the interior hidden pocket applies to the volume of the
urine drainage bag, when designing the hidden pocket for placement of the urine
drainage bag. The zipper for emptying the urine should also be designed at a position
near the lap, to prevent urine reflux and infection. When handling the sequela caused by
the urinary systems of patients with spinal cord injuries, it is necessary to take the
following design elements into consideration: safety for patients when handling their own
urination, convenience for in-home caregivers, convenience for replacing diapers, and
design for the prevention of urine leakage. Bedsores are caused by the long-term
physical disability of patients, and they are frequently experienced by patients with spinal
cord injuries. Bedsores usually occur on the buttocks, the ischium, the sacrum and the
heels of patients, as shown in Figure 1. Consequently, apparel design should take into
account the reduction and prevention of bedsores.

Figure 1 Sites where bedsores frequently occur in patients with spinal cord injuries

Table 1 High Frequency of Bedsores in Patients with Spinal Cord Injuries
Source: Taking Care of Pressure Sores, Maintaining Healthy Skin - Part 1 - Part 2,
“Physical and Mental Rehabilitation Manual,” Department of Nursing/Bedsore Prevention
Health Education Data, Chang Gung Memorial Hospital

The study of different lifestyles in the design field is to result in differentiation of product
designs. Moreover, the understanding of the medical needs in design is also to identify
the characteristics and perspectives of patients, so that the design elements could be
realized in the medical and adaptive apparel. The concept of lifestyles was originated
from the fields of psychology and sociology. Based on the theory of personal constructs
proposed by George Kelly, lifestyle is regarded as a cognitive structure system, and
lifestyles vary with individual cognition. A group of homogenous consumers will share the
same model when spending time and money. Designers create products that move
consumers according to their psychological, behavioral, and visual values (E-LCP 2003
Consumer Marketing Database).
The term “lifestyle” was widely used from the late 1960s to the 1970s, and the concept
was applied in the field of marketing (Wells 1985). However, companies were uncertain
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as to how to depict consumers’ characteristics and their inward feelings, such as
consumer attitudes and values that really affect their behaviors. Therefore, Wells
suggested that studies on lifestyle should use precise market segmentation. Green
design and green life has become a popular lifestyle in the new century, and is a
tremendous value system that includes the concept of environmental protection. It is also
an important future trend. Numerous studies have found that, in addition to the rational
aspect, the perceptual aspect also affects consumers’ purchase motivation. Moreover,
the science of perceptual consumption is the science of investigating the rational and
perceptual aspects of human consumer behavior as well as consumers’ personalities,
preferences and emotional aspecst, and how consumers choose products and brands
(Sakai) according to individual’s emotional style. It has been found that human beings are
characterized by two aspects, the rational aspect and the perceptual aspect. The rational
aspect refers to thinking and reasoning, while the perceptual aspect refers to the five
senses and sensation. The meaning of sense is a situation in which a person is moved in
some way, and nature originally referred to the personality and character of a person.
Sensibility refers to the inward ideological values, personality, preferences, emotional
aspects, and other items that touch an individual’s heart (Chen). The perceptual tendency
of consumers for food, clothing, housing, transportation, education and entertainment are
mutually correlated. The differences in perceptual style originate from lifestyle differences.
An investigation of different groups, such as the target customers of a private product,
can help summarize the important factors affecting product design and satisfy the people
who fully grasp the target (Donald A. Norman). Owing to the growing concepts
concerning global environment, society, and individual environmental awareness,
environmentally-friendly processed materials have gradually attracted consumer attention.
Environmentally-friendly materials that reduce pollution during the manufacturing process
will become the main materials to dominate the industrial market in the 21st century
(Organic Exchange, 2007). Enterprises around the world have gradually replaced their
views of product development with the 5R principle of environmental protection for
consumption, namely: reduce, reevaluate, reuse, recycle, and rescue.

Study Design
Research subjects
The main research subjects of this study were patients with spinal cord injuries, patients
with bedsores, physical therapists, operators of medical and health products, and product
designers.

Research method
1) Literature analysis: it is a research method used in historical studies. It focuses on
describing the contents of the literature and re-arranging the literature in chronological
order, to facilitate the understanding of the literature. This study investigated the causes
of limb injuries and analyzed patients’ lifestyles, individualized product designs and color
combination theory based on the collection of data from the literature.
2) Field investigation: this study used two field investigation methods, namely interviews
and records, to observe the lifestyles of eight patients with lower-limb injuries. In-depth
interviews were conducted with four physical therapists to record the interview contents
and study the process, in order to understand the patients’ needs and clarify problems,
investigate their need for disposable medical and adaptive apparel, and identify their
acceptance for color combinations and recycled antibacterial fabrics. It was hoped that
the use of this method could collect more objective and authentic data.
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3) Experiment: this study asked the patients to try on the apparel, record the process
using a camera, and evaluated the feasibility of the functional apparel. The subjects were
patients with lower-limb injuries.

Research procedures
The design process of functional apparel is restricted by materials, designs, and
manufacturing procedures. The research procedures of this study were divided into three
stages in order to investigate whether disposable and adaptive apparel are beneficial to
patients with lower-limb injuries. Stage 1 was the investigation on product needs, and
literature review was conducted to establish a theoretical foundation. Stage 2 included
the concept design, sample production, and field investigation. Stage 3 was data analysis
for product evaluation and mass production, and conducted a feasible model.
In Stage 1, the product needs of patients with lower-limb injuries were discussed. During
new product design, the problems encountered by patients were investigated, the causes
were analyzed, and design elements were applied to the product design. The concept
design in Stage 2 was to generalize the apparel styles and needs of patients based on
the questionnaire survey. This study modified the design concept based on the comfort
level of patients, their acceptance of disposable recycled fabrics, and their color
preferences, in order to proceed to the design and pattern drawing stage. In Stage 3, this
study evaluated the products and the feasibility of mass production through interviews.

Figure 2 Framework of Research Procedures
Table 2 Structure of the Study Process

Results and Discussion
This study investigated patients’ needs and design elements based on literature review.
The needs of patients with lower-limb injuries were analyzed through field investigation,
on-site observations, in-depth interviews, and experiment. The design elements for
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disposable and adaptive apparel were summarized according to: 1) the patients’
physiological factors; 2) the need for functional fabrics that are free from odor and
bacteria; 3) the size of interior hidden pockets for placement of the urine drainage bag; 4)
partial pressure-release design; and 5) wearing convenience.

Correlation between style and functionality
This study designed various styles of apparel according to the different needs and body
shapes of male and female patients. The styles, applications of functional design, and
results of the response evaluation are shown in Table 1.
Table 1 Analysis on styles and functionality

Style No.

Lady01

Man01

Lady02

Man02

Lady03

Styles

1. Pants with interior
hidden pocket for
placement of urine
drainage bag.

Functionality

2. For use by male and
female patients with a
urine drainage bag.

1. Pants with exterior hidden 1. For use by female patients
pocket for placement of urine with a urine drainage bag
drainage bag.
2. To hide the urine drainage
2. For use by male and female bag.
patients with a urine drainage
3. For outdoor use. A product
bag.
with both medical and leisure
3. Psychological satisfaction functions.

3. Interior hidden urine
drainage bag
4. Urine leakage and
exclusion are not
restricted.

Response
evaluation

Good

Good

Excellent

The product can help
effectively hide the
urine drainage bag.

The product can help
effectively hide the urine
drainage bag.

The product can help
effectively hide the urine
drainage bag.

It is convenient to
empty the urine
drainage bag.

It is convenient to empty the
urine drainage bag.

It is convenient to empty the
urine drainage bag.

Urine drainage bag can be
hidden securely.

Urine drainage bag can be
hidden securely.

High patient satisfaction

Highest female patient
satisfaction

Urine drainage bag
can be hidden
securely.
High patient
satisfaction
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Correlation between style and design elements
This study designed various styles according to the differences between male and
female patients. Design elements, such as lines, were mainly used to design products
with a sense of leisure that could make patients look slender. The introduction and
application of styles and design elements, and the results of the response evaluation are
shown in Table 2.
Table 2 Analysis on styles and design elements

Style No.

Lady01

Man01

Lady02 Man02

Lady03

1. Meeting patients’
psychological needs.

1. Meeting patients’
psychological needs.

Style

1. Meeting patients’
psychological needs.

Design
elements

2. The product can help 2. The product can help 2. The product can help hide
hide the urine drainage hide the urine drainage the urine drainage bag as
bag as outdoor clothing. bag as outdoor clothing. outdoor clothing.
3. Aesthetic appearance 3. Aesthetic appearance 3. The same as general
clothing
4. Patients look thinner. 4. More sense of leisure.
4. Aesthetic appearance

Response
evaluation

Good

Good

Excellent

Acceptable

Acceptable

Like it very much

Like it

Highest female patient
satisfaction.
No significant difference

Analysis on the use of recycled fabrics and acceptance
According to the design concept of disposable and recyclable products, this study
used fabrics reproduced from recycled plastic bottles to design products. A water
repellent treatment was applied to the exterior cloth for the prevention of urine stains. An
antibacterial deodorizing treatment was applied to the interior fabric in order to reduce the
possibility of bacterial infection and increase ventilation. Breathable wicking fabrics made
of recycled materials were used to produce adaptive apparel. The patients’ acceptance
for such products and the results of the response evaluation are shown in Table 3.
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Table 3 Analysis on the use of recycled fabrics and acceptance

Style No.

Lady01

Man01

Lady02

Man02

Lady03

Styles

Fabrics

1. Exterior: 100%
Polyester 75d fabric
made of recycled
plastic bottles. A
water repellent
treatment is applied
to the cloth for the
prevention of urine
stains.

1. Exterior: 100%
Polyester 75d fabric
made of recycled
plastic bottles. A
water repellent
treatment is applied
to the cloth for the
prevention of urine
stains.

3. Interior: 100%
Polyester 40 mesh.

3. Interior: 100%
Polyester 30 mesh.

An antibacterial
An antibacterial
deodorizing treatment is deodorizing treatment
applied to the cloth to is applied to the cloth
reduce the possibility of to reduce the
bacterial infection and possibility of bacterial
increase ventilation.
infection and
increase ventilation.
Response Excellent
evaluation
Odor free, easy to
clean
Breathable fabrics

1. Exterior: 100%
Polyester 300d fabric
made of recycled
plastic bottles. A water
repellent treatment is
applied to the cloth for
the prevention of urine
stains.
3. Interior: 100%
Polyester 60 mesh.
An antibacterial
deodorizing treatment
is applied to the cloth
to reduce the
possibility of bacterial
infection and increase
ventilation.

Excellent

Excellent

Odor free, easy to
clean

Odor free, easy to
clean

Breathable fabrics

Breathable fabrics, no
sense of itching

Analysis on color combinations
The research results of this study on disposable medical and adaptive apparel
included three aspects: a) the selection and design of the optimal material; b) patients’
psychological factors and color preferences; and c) consideration of the overall style and
overall sense of color. During the interviews, the patients mainly wore apparel with dark
colors, as the patients with lower-limb injuries were afraid of urine leakage, which would
lead to urine stains on the clothing. Another reason was that patients had limited choices
and could only accept the current status. Therefore, the analysis on the response
evaluation showed that the male patients’ acceptance of dark colors, such as black and
deep blue, was the highest. As for light colors, their acceptance of khaki was the highest.
The female patients’ acceptance of dark colors, such as brown and black, was the
highest. As for light colors, their acceptance of gray was the highest. The analysis on
color combinations and the results of the response evaluation are shown in Table 4.
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Table 4 Analysis on color combinations and acceptance

Style
No.

Lady01

Man01

Lady02

Man02

Lady03

Styles

Color
prefere
nce
Respon Good
se
Dark colors make
evaluati
it hard to detect
on
urine stains.
Acceptance of
light colors is low.

Good

Good

Dark colors make it Patients like light
hard to detect urine pink, but they are
stains.
afraid to wear it.
Acceptance of light Acceptance of light
colors is low.
colors is low.

Conclusions
This study reached three conclusions:
1) A total of eight patients with lower-limb injuries participated in this study. The patients’
physical and psychological needs were taken into account to develop and design new
products. This study also developed effective procedures for new product design,
including data analysis, summarization and comparison, problem analysis and problem
solving. The procedures could help designers fully understand the design parameters
concerning patients, human nature, and medical behavior during the design of relevant
products. Moreover, the procedures could also help develop adaptive products that meet
the needs for practicability, safety, convenience, and aesthetic appearance.
2) The response evaluation on the use of disposable medical and adaptive apparel
showed that the patients were highly satisfied with the use of pants and skirts with hidden
pockets for placement of the urine drainage bag. The design of a hidden pocket helped
hide the urine drainage bag and resolved the difficulty using the toilet outdoors. The
interior zipper design made it easy to replace the urine drainage bag or to empty the urine
in the bag, thus increasing the convenience for caregivers. The caregivers’ satisfaction
with the design was also high.
3) The evaluation on the use of disposable recycled materials revealed that recycled
fabrics are widely applied to environmentally friendly designs. Such a concept further
complies with the idea emphasizing lifestyle and sustainable operations. The main
objective of sustainable operations is to develop multiple values and consider product
recycling and waste reduction, increase the durability and appropriateness of materials,
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and select materials and manufacturing processes with the minimum amount of pollution.
This study used a 100% polyester waterproof material to design functional apparel in
order to prevent stains and odor caused by urine leakage. A breathable wicking mesh
was used to make the lining. The patients with lower-limb injuries were highly satisfied
with the use of disposable recycled fabrics. Moreover, it was convenient for them to use
such products while travelling.
4) Regarding color combinations, the patients mainly cared about wearing convenience.
The research results showed that they prefer dark colors, including black and deep blue.
As for light colors, they mainly prefer khaki and gray.
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